A metabolism study and two feedlot trials were conducted to evaluate urea supplementation of peanut skin (PS) diets and ammoniation of PS as methods of reducing detrimental effects of tannins in PS on nutrient digestibility and performance of beef cattle. Tannin content of PS was reduced by 42% after ammoniation. Digestibility coefficients for dry matter, crude protein, nitrogen free extract, energy and total digestible nutrients were higher (P<.05) for the control diet without PS compared with urea-supplemented PS (UPS) and ammoniated PS (APS) diets. Ether extract digestibility was higher (P<.05) for UPS and APS diets compared with the control diet. Fecal N was higher (P<.05) and N retention was lower (P<.05) in steers fed UPS and APS diets compared with controls, which suggested that in UPS and APS diets dietary protein was being complexed with tannins and excreted. Steers fed the APS diet had lower (P<.05) plasma urea nitrogen compared with control and UPS diets at 2, 4 and 6 h post-feeding. Eighteen heifers were fed control, UPS and APS diets individually for 84 d, resulting in similar (P>.05) feedlot performance and carcass traits for heifers on all dietary treatments. Rumen fluid propionic acid levels were similar for control and APS heifers and somewhat lower (P>.05) for UPS heifers at 3 and 6 h post-feeding on d 62 of the trial. The experimental diets were fed to 54 steers (360 kg initial wt) ad libitum. After 98 d on dietary treatments average daily gains (ADG), final weights, carcass weights and carcass quality grades were not different (P>.05) for control and APS steers. Live weight and ADG were lower (P<.05) for UPS steers on d 98 compared with control and APS steers, and UPS steers continued in the feedlot through d 147. After 98 d on control or APS diets 72.2% of the beef carcasses produced on each diet graded USDA Choice, and 100% of the carcasses of steers fed UPS graded USDA Choice after 147 d. A urea-supplemented PS diet or a diet containing ammoniated PS was ineffective in improving digestibility and N retention of PS diets when limit-fed to steers. However, ad libitum feeding of an ammoniated PS diet was effective in overcoming detrimental effects of tannins on feedlot performance of heifers and steers.
Introduction
Peanut skins are competitively priced by-products of the peanut blanching industry with estimated annual United States production in excess of 30,000 t (Hale and McCormick, 1981) . Crude protein and fat content of peanut skins are relatively high (NAS, 1971) , but tannin content has ranged from 16.0 to 23.8% (Hale and McCormick, 1981; McBrayer et al., 1983; Hill et al., 1986) . Phenolic compounds, including tannins, bind with enzymes and form nutritionally unavailable polymers with dietary proteins (Jung and Fahey, 1983) . Problems associated with feeding high-tannin feedstuffs to various animal species have been reviewed (McLeod, 1974; Price and Butler, 1980; Kumar and Singh, 1984b) . Performance was depressed in growing-finishing pigs fed 10 and 20% peanut skin diets (Hale and McCormick, 1981) , and in feedlot heifers fed 20% peanut skin diets (McBrayer et al., 1983) . Dietary peanut skin levels of 10% or less did not affect steer performance (McBrayer et al., 1983) ; steer performance was improved when 10% peanut skins were added to bermudagrass pellets (Utley and Hellwig, 1985) .
Methods of overcoming detrimental effects of dietary tannins on animal performance have been documented (Price and Butler, 1980) . Ammoniation (Price et al., 1978 (Price et al., , 1979 ) and the addition of urea (Goldstein and Swain, 1965; Kumar and Singh, 1984a) tial practical application. Increasing dietary crude protein of peanut skin diets with soybean meal or soybean meal plus urea was effective in overcoming detrimental effects of tannins on steer performance (Hill et al., 1986) . The present trials were conducted to evaluate low-level urea supplementation of peanut skin diets and ammoniation as methods of meeting dietary protein requirements while reducing detrimental effects of peanut skin tannins on digestibility and performance of beef cattle.
Experimental Procedure
Experimental Diets. The three diets described in Feedlot Heifers. Eighteen yearling beef heifers averaging 346 kg initially were randomly allotted to the three dietary treatments described in table 1 for 84 d. Heifers were assigned to individual pens within a sheltered, open-air barn with slatted concrete floors, automatic waterers and self-feeding bunks. Diets were fed ad libitum except during the interval from d 57 to d 62 when they were fed at a rate of 9.07 kg/head. One-half the daily feed was fed at 0800 and one-half at 1700 from d 59 to d 62. Rumen fluid samples (75 ml/heifer) were collected via stomach tube and jugular blood samples were collected from each heifer on d 62 at 3 h and 6 h after the a.m. feeding. Rumen fluid pH was determined at time of sampling, and rumen fluid samples were frozen for subsequent volatile fatty acid (VFA) analyses. Plasma obtained from blood samples was analyzed for PUN content. Initial and final weights were recorded after 24 h feed and water restrictions, and these weights were utilized in computing average daily gain (ADG) and feed conversion ratios. Full weights of heifers were taken initially, at 28-d intervals and at the end of the trial. All heifers were slaughtered in a commercial facility at the conclusion of the experiment and carcass data were collected.
Feedlot Steers. Fifty-four crossbred beef steers averaging 21 mo of age and 360 kg initially were assigned by weight and sire breed to nine pens of six steers, with three pens randomly assigned to each of three dietary treatments described in table 1. Steers were fed ad libitum while housed in shelters previously described for feedlot heifers. Feed intake was monitored at intervals corresponding to steer weighing dates and used to compute average feed consumption and utilization. Rumen fluid samples (75 ml/steer) were collected on d 84 Analysis. Chemical analyses of diets and feces and tannin contained in PS and diets were determined by methods of AOAC (1984) . Fiber components were determined by methods described by Goering and Van Soest (1970) . Rumen samples were processed according to procedures of Erwin et al. (1961) and analyzed for VFA by gas chromatography (Baumgardt, 1964) . Blood samples were collected in heparinized tubes, centrifuged for 12 min at 1,000 • g and plasma was analyzed for PUN using a SMAC II Technicon Autoanalyzer 3.
Data for the three trials were statistically analyzed using the General Linear Model procedures of SAS (1982) . The metabolism trial was analyzed as a replicated 3 • 3 Latin square with the two squares run simultaneously; treatment, period and steer were sources of variation included in the model. Feedlot heifers were individually fed, therefore treatment was the only variable used in the model. Feedlot steer data were analyzed using a model that contained treatment and pen within treatment in a preliminary analysis; a subsequent analysis included treatment tested over the pen-withintreatment ercor term. Duncan's Multiple Range Test, protected by preliminary F-tests at the .05 level of probability, was used to separate means in all experiments.
Results and Discussion
Dry matter, ether extract, crude protein and tannin content of untreated PS (table 2) were similar to reported values (Hale and McCormick, 1981; McBrayer et al., 1983) . Ammonia-treated PS had lower dry matter, the same ether extract content, higher crude protein and lower tannin compared with untreated PS (table 2). The 42% reduction in tannins of ammoniated PS in the present study was comparable with a 49.8% (Utley and Hellwig, 1985; Hill et al., 1986) for diets containing PS compared with diets without PS fed to steers.
Digestibility of fiber components tended to be lower on UPS and APS diets compared with the control diet (table 3). Acid detergent fiber digestibility (DADF) was negative on the APS treatment. In a related study (Hill et al., 1986) digestibility of crude protein and neutral detergent fiber were lower (P<.05) for an ammoniated PS diet compared with a control diet, and DADF was also negative on the APS diet. Marlette and Johnson (1985) described lignin in forage analyses as a mixture of unavailable polymeric compounds including tannins, cutin and Maillard products, with Maillard products generally referred to as "artifact lignin." Their research indicated that artifact lignin may interfere with fecal neutral detergent fiber determinations. In the present study tannins in PS used in UPS and APS diets may have interfered with fecal neutral and acid detergent fiber analyses and thus affected apparent neutral detergent fiber digestibility (DNDF) and DADF of these diets.
Urea at .6% of the UPS diet apparently did not overcome protein binding effects of tannins contained in PS, and ammonia treatment of PS did not increase DCP to levels observed for the control diet. In a previous experiment (Hill et al., 1986) , DCP was not different (P>.05) on high crude protein (CP; 15.5 to 16%) diets containing 15% untreated PS compared with a 11.4% CP diet without PS, but DCP was depressed (P<.05) when 16% APS were included in a 12.2% CP diet. McBrayer et al. (1983) reported depressions (P<.05) in DDM, DCP, digestible crude fiber (DCF) and DNFE values when a 20% untreated PS diet with 11.4% CP was compared with a diet without PS.
Nitrogen balance and PUN data (table 3) demonstrated the apparent protein binding effects of PS tannins. Fecal N excretion was higher (P<.05) for UPS and APS diets compared with the control diet, and fecal N as a percentage of N intake averaged 27.5, 55.6 and a'bMeans on same line without common superscripts differ (P<.05).
CTDN is total digestible nutrients, the sum of (% protein X digestibility) + (% crude fiber • digestibility) + (% nitrogen-free extract • digestibility) + 2.25 (% ether extract X digestibility). dpUN = plasma urea nitrogen. a'bMeans on same line without common superscripts differ (P<.05).
CMarbling score: 3, traces; 4, slight; 5, small. dTotal kidney, heart and pelvic fat as a percentage of total carcass. equality grade: 11, USDA Good+; 12, USDA Choice--; 13, USDA Choice.
compared with control steers (table 5) . Classic signs of protien deficiency were never observed in UPS and APS steers or heifers at any time.
Performance of steers and heifers fed UPS and APS diets in this study was exceptionally high when contrasted to poor performance in other studies in which soybean meal (SBM) was the protein supplement in PS diets. McBrayer et al. (198 3) observed depressed performance (. 14 kg ADG; 55.55 kg feed/kg gain) in feedlot heifers fed 20% PS in an 11.4% CP diet. Hill et al. (1986) terminated an untreated 15% PS, 11.4% CP dietary treatment after 62 d because of poor performance (.40 kg ADG; 27.2 kg feed/kg gain) and signs of protein deficiency. Hill et al. (1986) observed no differences (P>.05) in ADG, 109-d weight, carcass weight and carcass quality grade when feedlot steers were fed 15.5 to 16% CP diets containing 15% PS compared with 11.4% CP diets without PS. Rumen fluid VFA and blood PUN data for the heifer feedlot trial are shown in table 6. Dietary treatments affected (P<.10) propionic, isobutyric and butyric acid concentrations and acetic:propionic ratio in heifers at 3 h postfeeding and propionic acid concentration at 6 h post-feeding, but treatment means were not separated using the protected Duncan's Multiple Range test. Butyric acid was higher (P<.05) on the UPS treatment compared with controls at 6 h post-feeding. Total VFA production was highest (P>.05) on control and lowest on UPS treatments at both sampling times. (table 7) . In contrast to the ranking of acetic:propionic acid ratios observed for feedlot heifers (table 6), control steers (table 7) had the lowest (P<.05) ratio, followed by UPS steers (P<.05), while APS steers had the highest (P<.05) ratio. Total VFA production in feedlot steers followed a pattern similar to that described for feedlot heifers.
Differences in observed VFA concentrations between feedlot heifers (table 6) and feedlot steers (table 7) probably resulted from different feeding methods prior to the collection of samples as outlined previously. Propionic acid concentrations on UPS and APS treatments in the heifer trial ( inhibit rumen fermentation leading to alterations in rumen metabolism (Kendall, 1966; Kumar and Singh, 1984b) , which may explain reduced total VFA production for UPS and APS diets in both feedlot trials (tables 6 and 7). P. R. Utley and W. C. McCormick (unpublished data) observed elevated acetic and butyric acid and depressed propionic acid concentrations in steers fed 15% PS diets compared with steers fed no PS. Hill et al. (1986) reported higher acetic acid, lower propionic acid and lower total VFA production in steers fed at 15% PS diet compared with steers fed no PS. Similar trends were observed for PUN concentrations in feedlot heifers (table 6) and  feedlot steers (table 7) . In heifers, PUN was higher (P<.05) for the control diet compared with UPS and APS diets at 3 h postfeeding. At 6 h post-feeding control heifers had higher (P<.05) PUN concentrations compared with UPS heifers, and APS heifers had intermediate PUN concentrations. Control steers had higher (P<.05) PUN concentrations compared with UPS and APS steers. Depressed PUN for UPS and APS diets may have resulted from reduced absorption of ammonia because of protein and nitrogen binding by tannins in PS. Increased fecal N for UPS and APS diets in metabolism steers (table 3) would support his theory. P. R. Utley and W. C. McCormick (unpublished data) observed linear decreases in rumen fluid ammonia with increasing level of PS in steer finishing diets. Burris et al. (1975) observed increased PUN in steers fed urea-supplemented concentrate diets, compared with SBM-supplemented diets, and Cross et al. (1973) observed similar PUN in SBM-and urea-supplemented diets fed to steers.
In conclusion, restricted feeding of a ureasupplemented 15% PS diet or an ammoniatreated PS diet resulted in depressed nutrient digestibility and nitrogen balance in metabolism steers. Pre-treatment with ammonia reduced tannin content of PS, and feedlot performance and carcass characteristics were similar for feedlot heifers and steers fed control or APS diets ad libitum. Reduced tannin content of ammonia-treated PS and the increased feed intake of steers fed the APS diet may have provided enough dietary protein to support the level of performance observed in APS steers. Feedlot performance of heifers and steers fed UPS was lower compared with control and APS treatments, but UPS steers and heifers had substantially improved performance compared with that previously reported for cattle fed SBM-supplemented PS diets (McBrayer et al., 1983; Hill et al., 1986) . Ammonia treatment of PS prior to feeding may provide a method of increasing feeding value of PS, while eliminating the need for additional supplemental protein in beef cattle feedlot diets. 
